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Specification. 

1. Title of the invention. 
Electrolyte thin film. 

2. What is claimed. 

1. An electrolyte thin film that is formed by filling the pores of a porous 
thin film that consists of a polyolefin with a weight average molecular weight 
of 5xl0 5 or more, with an ion exchange resin. 

2. The electrolyte thin film that has been described in claim 1, wherein the 
film thickness of the thin film is in the range of 0.1 p - 50 ^m. 

3. Detailed description of the invention. 
[Field of use for the industry] 

This invention pertains to an electrolyte thin film. Electrolyte thin films 
are widely used in the fields wherein a low film resistance and an excellent 
mechanical strength are required, such as fuel cells, electrolysis of water, 
electrolysis of table salt, primary batteries, secondary batteries, separating 
films for stimulated transport, electrochromic devices (ECD) and sensors etc. 
[Existing technology] 

Solid macromolecule electrolytes (SPE) are for instance ion exchange films 
whereof perf luorocarbon films that have sulfonate radicals (trade name Nafion 
®) are typical examples, and ion conductive materiails whereof composites of 
polyethyleneoxide (PEO) and alkali metal salts are typical examples. Because 
ion exchange films of perf luorosulf onic acid and perf luorocarboxylic acid etc. 
have excellent chemical and thermal properties, and can form compact cells 
wherein they have formed one body with the positive electrode and the negative 
electrode, the application in fuel cells and electrolysis of water have been 
investigated further. 

Nafion ® was used in hydrogen -oxygen fuel cells for space development 
(exploration ?) . But thereafter, it has been modified for table salt 
electrolysis, and by the appearance of fluorine containing ion exchange films 
with a high performance, most processes of electrolysis of chlorine and alkali 
table salt have switched to the method of ion exchange films. 
[Problems that should be solved by the invention] 

In systems wherein solid macomolecular electrolytes (SPE) are used, a 
problem is that electric energy efficiency declines, due to ohmic loss by the 
electric resistance of the film. The efficient resistance of perf luorosulf onic 
acid films and carboxylic acid films is 1 Ohm. cm 2 to 100 Ohm. cm 2 or even more. 
For the reduction of the electric resistance between electrodes, reduction of 
the thickness of the film is an effective means, but this has restrictions, 



mainly by limitations of dynamic strength, and the film thickness is 0.11-0.25 
mm in the case of Nafion ®, and an SPE that has a practical strength with 100 
Urn or less is not known. 

Moreover, fluorine containing ion exchange films, whereof Nafion ® is a 
typical example, are expensive. 
[Means to solve the problems] 

In order to solve the above mentioned problems, the present inventors 
carried out various investigations on the development of solid macromolecular 
electrolyte films with both ion conductivity and dynamic strength, that are 
effective for cost reduction from the viewpoint of practical applicability, 
with the result that they completed this invention with the discovery that this 
aim can be achieved by preparing a porous thin film of a polyolefin with a 
weight average molecular weight of 5xl0 5 or more, and densely filling the pore 
section thereof with an ion exchange resin. 

That is to say that this invention is an electrolyte thin film that is 
formed by filling the pores of a porous thin film that consists of a polyolefin 
with a weight average molecular weight of 5xl0 5 or more, with an ion exchange 
resin. 

The polyolefin that is used in this invention is a crystalline linear 
polyolefin of a homopolymer or copolymer of an olefin, and it is one with a 
weight average molecular weight of 5x10 s or more, and preferably lxlO 6 to IxlO 7 . 
For instance polyethylene, polypropylene, ethylene-propylene copolymer, 
polybutene-1, and poly-4-methylpentene-l etc. can be mentioned. Among them, 
polyethylene or polypropylene with a weight average molecular weight of IxlO 6 or 
more are preferred. The weight average molecular weight of polyolefins 
influences the mechanical strength of the obtained permeable film. Polyolefins 
with an ultrahigh molecular weight can be converted to a very thin film with a 
high strength by ultra -stretching, and they are a support of thin films with a 
high ion conductivity that have an efficient resistance. With polyolefins that 
have a weight average molecular weight that is less than 5xl0 5 , a very thin film 
with a high strength is not obtained by ultra-stretching. Making a thin film by 
stretching with a weight average molecular weight of 10 7 or more, however, is 
difficult, and this is not practical. 

The thickness of the porous thin film in this invention preferably is 0.1-50 
urn, and more preferably 2-25 um. When thickness is less than 0.1 ^im, the 
mechanical strength as a supporting film is low, and it is difficult to offer 
it for practical use. On the other hand, a thickness that exceeds 50 \wi is not 



preferred from the viewpoint that this suppresses the efficient resistance to a 
low level. Moreover, the porosity of the porous thin film preferably is in the 
range of 40-90%, and more preferably in the range of 60-90%. When porosity is 
less than 40%, ion conductivity as an electrolyte is insufficient, and when it 
exceeds 90%, on the other hand, mechanical strength as a supporting film is 
low, and it can hardly be offered for practical application. Moreover, it can 
be converted to practical application as a supporting film, by having a 
breaking strength of 200 kg/cm 2 or more, and preferably 300 kg/cm 2 or more. 

The porous thin film as discussed above can be produced with the following 
method. Polyolefin with an ultrahigh molecular weight is converted to a 
homogeneous solution by heating and dissolving 1 wt% to 15 wt% in a solvent 
such as liquid paraffin. From this solution, a sheet is formed, and by rapid 
cooling, this is converted to a gel-form sheet. The quantiy of solvent that is 
present in this gel-form sheet is brought at 10 wt% to 90 wt% by treatment with 
a volatile dissolving agent such as methylenechloride . This gel -form sheet is 
heated to a temperature at or below the melting point of the polyolefin, and is 
stretched 10 times or more in surface area rate. After removal by extraction of 
the solvent that is present in this stretched film with a volatile dissolving 
agent such as methylenechloride, it is dried. 

As the ion exchange resin that is used in this invention, hydrocarbon or 
fluorine containing resins that have cation and anion exchanging capacity, can 
be used. As hydrocarbon ion exchange resins, condensates of phenolsulfonic acid 
and phenol and formalin, or polystyrene or styrene-divinylbenzene, styrene- 
butadiene, styrene-divinylbenzene-polyvinylchloride whereto a cation exchanging 
capacity has been given by sulfonation, or whereto an anion exchanging capacity 
has been given by chloromethylation, followed by a quaternary amine forming 
reaction, can be used. As fluorine containing resins, the product that is 
obtained by hydrolysis of the copolymer of tetraf luoroethylene and perfluoro- 
sulfonyl-ethoxyvinylether, and the copolymer of tetraf luoroethylene and 
perfluorovinylether that has carboxyl radicals in the side chain, can be used. 
For the use of the electrolyte thin film of this invention in the method of 
electrodialysis of ion exchange films for concentration and desalting of 
seawater, a styrene-divinylbenzene copolymer that has sulfonic acid radicals or 
quaternary ammonium radicals as ion exchange radicals, is the best. In 
applications wherein oxidation resistant stability is required in the cathode 
atmosphere, such as fuel cells and electrolysis of water, ion exchange resins 
of fluorine containing resins that have sulfonate, carboxylate and/or phosphate 
radicals, are preferred, Because fluorine containing ion exchange resins have 



an excellent resistance against the oxidative action of halogens, strong acids 
and alkali, they are particularly suited for the construction of the 
electrolyte thin film of this invention. As cation exchange resin with 
sulfonate radicals, also 'Nafion <§>' , trade name, product of American Du Pont 
Co., is suited. This is a product wherein the copolymer of 

polytetraf luoroethylene and perf luoro-sulf onyl-ethoxyvinylether is hydrolysed, 
and an ion exchange capacity is given by conversion of sulfonyl radicals to 
sulfonate radicals. The ion conductive material to fill the pores of the porous 
thin film that consists of a polyolefin with an ultrahigh molecular weight of 
this invention, by impregnation, painting or spraying, preferably has the form 
of a solution. Nafion ® in the state of a solution is for instance obtained by 
treating Nafion ® in the solid state at a temperature of 250° C in a sealed 
system in a proper quantity of a solution of propylalcohol and water etc. 
Moreover, a product that is obtained by dissolving Nafion ® with a weight of 
the polymer of 1,100 gram per 1 equivalent sulfonate radicals, in an alcohol 
solution, can also be used. 

As the method of production of the electrolyte thin film of this invention, 
methods such as (1) the method wherein a polyolefin porous thin film is 
impregnated or painted or sprayed with an ion exchange resin that has been 
dissolved in a solvent or an ion exchange resin that has been finely dispersed 
in the form of a sol or a gel in a solvent, and thereafter the dissolving agent 
is removed, (2) the method wherein, in the production process of the polyolefin 
porous thin film, a gel-form sheet of the polyolefin is filled with a solution 
or dispersion in the form of a sol or gel of the ion exchange resin and 
thereafter formed to a film, and (3) the method wherein a polyolefin porous 
thin film is impregnated or painted or sprayed with the monomer of the ion 
exchange resin and a soluble precursor, and thereafter an ion exchange capacity 
is given by a polymerisation reaction or sulfonating treatment and a treatment 
such as hydrolysis, can be used. 

The methods of impregnation, painting and spraying use the fact that the 
polyolefin porous body of this invention has an average through-pore diameter 
of 0.001-1 urn, and the property that a solution with a contact angle of 90° or 
less flows in the pores by the action of capillary condensation. In systems of 
a solution with a contact angle of 90° or less to polyolefins, consequently a 
wide use for the improvement of the polyolefin surface is possible. As examples 
of the contact angle of organic solvents to polyolefins, in this connection, it 
is 5° or less for benzene, 52° for methylene iodide, 77° for formamide, and 79° 



j for glycerol. Moreover, by a treatment of immersion of a polyolefin porous film 
in alcohol and acrylic acid or a plasma treatment or graft polymerisation of 
hydrophilic organic hydro-carbon monomers (official bulletin of patent 
disclosure 61-106640 (1986) ) , wetting properties with respect to the solvent 
5 that is used can be improved. Since among the methods of production of the 
electrolyte thin film of this invention, particularly the methods of 
impregnation, painting and spraying are simple and produce a homogeneous thin 
film, they are preferred. In the case that for instance Nafion (B> is used as the 
ion exchange resin, it is possible to follow the below mentioned method. 

10 A homogeneous solution is prepared by heating and dissolving polyolefin with 

a weight average molecular weight of 5x10 s or more in a solvent. As the solvent 
in this case, one wherein the said polyolefin can be sufficiently dissolved, 
such as for instance saturated aliphatic hydrocarbons, cyclic hydrocarbons, 
aromatic hydrocarbons or mixtures thereof can be mentioned. As preferred 

15 examples, aliphatic or cyclic hydrocarbons such as paraffin oil, decane, 
undecane, dodecane and tetralin, or mineral oil fractions with herewith 
corresponding boiling points can be mentioned. The heating and dissolution is 
carried out at a temperature at which the said polyolefin completely dissolves 
J in the solvent, above the temperature at which it gellifies in the solution. 

20 The temperature depends on the kind of polyolefin and on the solvent that is 

used, but is in general in the range of 140-250° C. Moreover, the concentration 
of polyolefin that is present in the solution is 1-15 wt% and preferably 2-8 
wt%. 

This polyolefin solution is extruded in the form of a sheet from a properly 
25 chosen die, or flown out on a support, and a gel -form sheet is formed by 

cooling with a water bath, air bath or solvent etc. with a speed of at least 50° 
C/min to a to the gellifying temperature or lower, and preferably the 
temperature of 15-25° C. The thickness of the gel-form film usually is formed in 
the order of 0.1-10 mm. This gel-form sheet is one that has been swollen by the 
30 solvent at the time of solution of the polyolefin, and a treatment of solvent 
removal is preferred. 

As the method to remove the solvent from the gel-form sheet, removal by 
evaporation of the solvent by heating of the gel -form sheet, removal by 
compression, removal by extraction of the solvent by a volatile dissolving 
35 agent, and removal of the solvent by lyophilization, while the reticular 
v structure of the gel-form sheet as such is maintained, can be mentioned, but 
for removal of the solvent without remarkable changes of the structure of the 
gel-form sheet, the method of extraction with a volatile dissolving agent is 
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,% preferred. As this volatile dissolving agent, for instance hydrocarbons such as 
pentane, hexane, heptane and toluene, chlorinated hydrocarbons such as 
raethylenechloride and carbontetrachloride, fluorinated hydrocarbons such as 
ethane trichloridetrif luoride, ethers such as diethylether and dioxane, and in 

5 addition alcohols such as methanol and ethanol etc. can be mentioned. For the 
stretching, the original roll(?) of gel-form sheet is heated, and it is 
biaxially stretched with a specific rate by the usual tenter method, roller 
method, pressure stretching method of a combination of these methods. The 
biaxial stretching may be simultaneous as well as consecutive. 

0 The heating temperature preferably is the range from the tem-perature of 
crystal dispersion of the original roll of polyolefin to the crystal melting 
point + 20° C. In the concrete, for polyethylene, it is the range of 90-160° C, 
and preferably the range of 110-140° C. When the heating temperature is below 
the temperature of crystal dispersion, the softening of the resin is 

5 insufficient and stretching readily causes film breaking, and stretching with a 
high rate is impossible. In the case that, on the other hand, the temperature 
is far above the melting point of the crystals, stretching is impossible by 
excessive melting of the resin. 



Moreover, the stretching rate depends on the thickness of the original roll, 
but is at least 2 times and preferably 5 times in one direction, and 10 times 
or more, and preferably 25 times or more as surface area rate. A surface area 
rate that is less than 10 times is not preferred because then a thin film with 
a high strength is not obtained. Moreover, by the execution of a heating 
treatment after the stretching, heat stability and strength can be improved. 

The thus obtained polyolefin porous thin film has a thickness of 50 fim or 
less, a porosity of 40% or more, a breaking strength of 200 kg/cm 2 or more, and 
a through-pore diameter that has been determined by the method of particle 
permeation of 0.001-1 nm, and by impregnation, painting or spraying with Nafion 
® in the state of a solution, the pores of the polyolefin film can be filled. 
As the method of impregnation with Nafion ® solution, the porous film is 
immersed in the solution, air in the porous film is substituted by Nafion ® 
solution by ultrasonic cavitation or degassing by pressure reduction, and 
excessive solution is removed, and thereafter solvent is removed by ventilation 
drying or heating. By placing the porous film on a glass filter or filter 
paper, Nafion ® solution can be painted or sprayed, and degassing by pressure 
reduction is possible from the rear side. 
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The electrolyte thin film that has been disclosed in this invention, has a 
thickness of 0.1-50 urn, and preferably of 2-25 Jim, a porosity of 40-90%, and 
preferably of 60-90%, an average through-pore diameter of 0.001-1 urn, and 
preferably of 0.005-0.1 ^m, a breaking strength of 200 kg/cm 2 , and preferably of 
300 kg/cm 2 , and consists of a porous thin film that consists of a polyolefin 
with a weight average molecular weight of 5xl0 5 or more, whereof the pores are 
filled with an ion exchange resin, and it has the caharacteristics that the 
effective resistance at room temperature is 5 to 10 3 Ohm. cm 2 , and preferably 1 
to 10" 3 Ohm. cm 2 , and that it is actually a solid and is flexible. 

As applications of the electrolyte thin film of this invention, 
concentration and desalting of sea water by the method of electrodialysis 
wherein a cation conductive thin film and an anion conductive thin film have 
been combined, electrolysis of table salt and electrolysis of water with the 
ion exchange method, fuel cells, primary batteries, secondary batteries, 
electrochromic devices (ECD) sensored(?) nano(?) dialysis, and hydrogen 
concentration etc. can be mentioned. Because the electric energy that is 
consumed in these processes and the electrogeneration energy have a strong 
correlation with the ohmic loss by electric resistance of the electrolyte, 
electrolyte films with a low resistance are demanded. The resistance of the 
film is presented with the following formula. 
R = K.d/A 

Herein, d is the thickness of the film (cm) , A is the surface area of the cross 
section (cm 2 ) , and K is a proportional constant and when the length of one side 
is the unit of length, it shows in general the electric resistance of a cube of 
1 cm, and is called the relative resistance (Ohm. cm 2 ) . As actual values of the 
properties, it is shown with the actual resistance R' (Ohm. cm 2 ) that is the 
value of resistance per unit of surface area of the film. 
R ' = A.R = K.d 

As is shown by the above mentioned formula, the actual resistance of a 
conductive thin film is determined by the relative resistance and the film 
thickness, but it is influenced by temperature and matter that is co-present. 
From a practical viewpoint, it preferably is 5 Ohm. cm 2 or less and more 
preferably 1 Ohm. cm 2 or less at room temperature. 

Moreover, the thin film electrolyte of this invention uses a thin film that 
has been obtained by biaxial stretching an original roll sheet of polyolefin 10 
times or more, and preferably 25 times or more in surface area rate, as the 
matrix, and because dimensional stability and homogeneity of the thin film are 
excellent, it is possible to construct a cell with excellent electric 



properties in the direction of the surface area of the film, and large surface 
area rates and spiral modules and flat type of lamination are easy. 
[Examples of execution] 

Below, this invention is described by examples of execution. Moreover, for 
the evaluation of the film, the following methods were used. 

(1) Film thickness: determination by scanning electron microscope of cross 
section of the film. 

(2) Breaking strength: based on ASTM D882. 

(3) Average through-pore diameter: method of particle permeation. 

(4) Pore diameter: mercury porosimeter 

(5) Film resistance: determination at 25° C in a 0,5 N KC1 solution with the use 
of the direct current 4 terminals method. 

Examples of execution 1-5. 

To 100 wt parts of a mixed solution of liquid paraffin (64 cst/40° C) that 
contained 4.0 wt% polyethylene with a weight average molecular weight (Mw) of 
2xl0 6 , 0.125 wt parts 2 , 6-di-t-butyl-p-cresol and 0.25 wt parts 
tetrakis [methylene-3- (3 , 5-di-t-butyl-4-hydroxyphenyl) -propionate] methane were 
added and mixed as antioxidants. This mixture was brought in an autoclave with 
a stirrer, heated to 200° C, and stirred 90 minutes to a homogeneous solution. 

This solution was brought in a heated mould, and by rapid cooling to 15° C, a 
gel-form sheet was obtained. After 60 minutes immersion of this gel-form sheet 
in methylenechloride, methylenechloride was evaporated and it was dried in a 
state of being pasted on a flat plate, and 5 kinds of original roll sheets with 
different contents of liquid paraffin were obtained. The obtained original roll 
sheets were submitted to simultaneous biaxial stretching at a temperature of 
115-130° C, and by washing, the obtained stretched films with methylenechloride, 
the residual liquid paraffin was extracted and removed, and thereafter, they 
were dried, and porous thin films were obtained. These films were immersed in a 
solution of commercial Nafion ® (Aldrich Chemicals, 5 wt% aqueous solution of 
alcohol), and with the use of an ultrasonic cleaning tool, they were treated 20 
minutes, and thereafter the excess solution liquid was removed, degassing under 
reduced pressure was carried out, and the solvent was removed by evaporation. 
The values of the properties of the polyethylene porous films and electrolyte 
thin films are shown in table 1. 
Example for comparison. 

Nafion ® 117 with an equivalent weight of 1100, was treated 20 minutes with 
an ultrasonic washing tool in a solvent of equal quantities of water and 
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ethanol / and thereafter the actual resistance was determined. The results 
thereof are also shown in table 1. 
Table 1. 
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[Results of the invention] 

By the fact that, according to this invention, the reticular structure of a 
porous thin film of polyolef in with an ultrahigh molecular weight enveloped an 
ion exchange resin, a flexible electrolyte thin film with a film thickness of 
1-50 |im, a homogeneous thickness, and an excellent dynamic strength, without 
fluid leakage, is offered, and it is possible to set the actual resistance by 
formation of a thin film at 1 Ohm. cm 2 or less or even at 10~ 2 Ohm. cm 2 . Moreover, 
it also has the result that the quantity of use of expensive ion conductive 
macromolecules such as Nafion ® could be greatly reduced. Moreover, in thin 
film formation and dimensional stability of the thin film, not only simply 
ohmic loss of the electrolyte film was reduced, but it also had the effect that 
the increase of contact resistance with an electrode, that accompanies 
expansion and contraction, is suppressed, and that the crossing over of gases 
between cathode chamber and anode chamber by pinhole formation is suppressed. 
The applicant, Toa Nenryo Kogyo Co., Ltd. 
The agent, patent attorney Akira AOKI 

patent attorney K. NISHI . . . 

patent attorney Kei ISHIDA 

patent attorney Tetsuji KOGA 

patent attorney A. YAMAGUCHI 

patent attorney M. NISHIYAMA 
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. <3> 4 *v«ttfflJBo>JHJ|flc«^S 

ttrw ^_^_^^y^P7y5'^?Leaac* 



a«ift»x7i'-tfttt. a^R 

ffiffi4<:UX7*U-ffitt*«BB*>.1f 'J * 
»W»«ft4«9 0- «T*>»fcMU-Clitfy*W 

7 < v<o*ffia«<o*safctfci£<a«"ce$. 
*«sa«>stry*w7 < *» 

^52* . *^ArsK7 7' . yy-tyv 
79* -efts. s<b«c.tfy*i'7 y.^fin* 

j/?7 h fi£miHI861- 106840#&«>Stf* 

»t6;t* f t?t. *»BS<oawa»a^«^ 



an&a£fctti3iT*>#ac»*£ t*«r* *. 

i. C<ofc LTIi. K-1fy*«^7<y 

*+at:awcs witfaaiaroaa 
as*****. 3FSB«nt**4fc«i£ 

li, /<?7^«l. **>\ *7V=ft>V, it 
Xft 4 v>liaa#£ iuA fcrJtB-*- * £ 

#h*ft>tib. uoaawu. a*y *W7 < f# 
fcaw-fiaa-cfffc^*. a*u#y <. 

-jRte«tM0 , c~250x;<oBffl-cas . 4fc. »a 
*!Ky *u 7 < y<oaaw 1 aax-~ 

1 5tlX. If ± L<»i2fifiX~8Il%T» 
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T\ 4 L <(il5 , C-25t:oaKtC^< t t, 5 0 
Z tmmUKnm&KZWhM kill*. Y>UK 

ja^^^py. E3isfl:««^ t'oajRit^ 



#1^3 64-22932(4) 
ffBSt L < *i<I*i<>tf>#8; J: nX19i 

£<ofa#T2$astt-r*. 2«s^ii. pmift 
$ *cttiiox:-i40ictf>Eiffl##* li>. ao&a 

1 M*«T*< fc fc 2««±. ffU<li5 



& ft ft L < £rv>. Srfc. B«* 

CO J: 5fcLTf#**iX:;K»;*U7 * y#?L« f 

^L^mjfflTLg^O.OOlxx-- 1 /i«"C* 0 . N»fion* 

Z h . Nifion* Mtt*4«-f LTtt»» 
*££?L&£fc«L*aW»** t'x-i'a 
EBifctcJ: 0£?lJl*02«fcNtfion® &SI*K 
ML. MSfajgffitBOtttifctt. 7&K*J&B. 

* 15 m n r BR ^ * ft 4 « ft * 9 H li ff 3 
O.U»-50/i., «fc 0 tft L < li 2 m«-2 5 

% 2*t*a<40%-90%, J:9#*L<li60# 
-90*. ¥*?jr&?l£tf O.OOl/i 1 um. X 0 



#i L<I10.005xi»-0.1m». 200kg 
/c.*«±. J:0ff*L<li 300kg/e«*T&affi 

5 x l 0 • U±*)4iV1tU7 4 

c-» . J: 0 ff i L< li 1 - 1 0 -»Q • rJ^ 0 . 

ft<r>A««W. tt&tttt. -*«M. " 

xuno;n$ y ;fA'U(ECD) 

^x^;U^-^a^x^;U^~li«J»®cot[l^JS 
R°K • d/A 
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C5SISW) 

(1 ) ■ * : KKM*£2£tt?3aSt«£ J: 0 

(2) ttRSB* : ASTHD882#» 

(3) ¥*?Sffl?LS : 8f»a^ 

(4) S?l* : rtffitf a 

(5) BttK : *S4«¥£tJI!». 0.5N KC£ 

(M 2X10* <0^'Jlfl/X 
4.0««X**tfa»/<97 < >'(64c5t/40'C)ffl 
100f?*f*Sfl£2 . - 7 + P - 

, .. v ~/U 0.125ffift&fc 7^ h7^^ OtUV 
-3 - (3,5~ t -yf^-4-tFO# 

•CfctofcLT 90#H«ffL*-4:IWktfc. 



fcft. &£LT £7Lttff H*f»fc. .TitA>*)&£ 
fffjKNaf ion® SiS (T/PHU 9tttS, 5»t%T 

£M£fillOO*)Naf ion® 1 17* X ? J - )V • * 
- 1 fcMLfe. 
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68.0 


0.010 


1060 


0.7 


19 


2 


40.4 


0.085 


501 


4.0 


140 


3 


80.5 


0.025 


2830 


12 


130 


4 


63.0 


0.030 


1390 


22 


350 


5 


75.0 


0.020 


1700 


38 


790 












1600 



*fc*-f * £ £ J: »K MU^50*it* 
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*JS<D*-.4.m«-ffl;TStf S£»tT$r< . B58IR 
tv*-M«t:J: V- Hit 7V- KSI5I 
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